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EXECUTIVE SUMMARY

Prepared byStephen. Lenartand JasonB. area(note that all parameters reported for
Snith Lake Trout in this document refer to the lean
form). A 65% annual mortality target has

This documentdescribesthe status of been established for LakWhitefish, though

Lake Trout and Lake Whitefish stocks inthe a complementary rule reduces mortality
1836 Treaty (hereaf t ebelowihé targedratyifiegpawnidgtpcental o f
the Great Lakes as assessed by the 2000 ratio (SPR) falls below 0.Df note is that the
Consent Decreeds ( D enplen@eritation of M@ dagyét imor@lity rate
Subcommittee  (MSC). The primary specified in the Decrediffers for Lake Trout
objectivesof this repot areto 1) describe the and LakeWhitefish For Lake Trout, the
status of each managed stock in the context target rateis translated to apawningstock

of establishingrecommendedharvest limits biomass per recruit (SSBR) target,
according to the terms of the Decree; and 2) calculatingby applying the target mortality
document important technical changes in the rateto all agesat andabove a certain age

stock assessment proc€tsr more indepth threshol d (i e andbeow it ar g
technical @tail on stockassessment which only ratural mortality appliesAny
structure, see the 2R¥ersion of this report projectedmortality schedule that producas
available at SSBRuvalueequivalent to tis SSBR target is
https://www.michigan.gov/documents/dnr/2 deemed to meet the mortality tarfet Lake
012StatusStocksReport_403608_7)phis Trout For Lake Whitefish, the mortality
versionof the repordepars from the normal target is implemented by limiting the
annual publication schedule to include mortality rateon the most vulnerable agg
recommendedharvestand effort limits for to the target na.

the past two annual stock assessment cycles Modelderived harvest limits for 2021
(2021 and 2022) Pademicrelated and 2022, along with the actual harvest and
restrictions on agency field operationgn gill-net effort limits adopted via the
2020 resulted in a paucity of data thate management processderthe Decree, 1@
integral to the stock assessment process, provided in Tables 1 and 2, respectivdly.
particularly for Lake TroutAs such, formal instances where the actizil22harvestimit

stock assessments were not conducted for for a Lake Troutor sharedallocation Lake
Lake Trout in 2021 and recommended Whitefish unit (WFS04, WFS05, WFM-01,

harvestlimits for Lake Troutfor 2021were WFM-06 andWFM-08) differs from model

based orthe 2020stock assessment models derivedlimit, a brief explanation is praded
Except in a few cases, statistical caath in the sections that followFor non-shared

age (SCAA)stock assessmentodek have allocation Lake Whitefishunits, where the

been developed for each management unit tribes have exclusive commercial fishing
where the provisions of the Decree apply. opportunities, harvest regulation guidelines
Estimates from the SCAA models ateen (HRGs), as established by the Chippewa
usedin projection models that incorporate the  Ottawa Resource Authority (CORA), serv
mortality target and allocation rules of the as finalharvestimits - these may differ from
Decree to calculate modderived harvest the modelderivedlimits. SCAA models for
limits. Annual mortality rate targets for Lake  Lake Whitefish are on a onear lag, so
Trout are either 40 or 45%, depending onthe modelderived  quantities  (mortality,
biological reference points, etegportedin


https://www.michigan.gov/documents/dnr/2012StatusStocksReport_403608_7.pdf
https://www.michigan.gov/documents/dnr/2012StatusStocksReport_403608_7.pdf

this summary section, as well as in tbthat
accompany the individual unit summaries,
are derived fronmodels populated wittlata
collectedthrough 2@0. Such quantities for
Lake Trout are derived frommodels
populated with dateollectedthrough 2@1.

An additional section of tableshat
provide detailed output from theSCAA
modelshas been added to this version of the
report Contact information for each stock
assessment analyst is also provided.



Table 1.2021 harvest andill -neteffort limits. Shading denotes managementsmitere the
allocation of Lake Whitefish is shared among Statel CORAlicensed commercial
fisheries.Lake trout harvest limits apply to lean Lake Trout only.

Species Lake Management Model-derived Actual harvest Gill -net
unit harvestlimit (Ib) 2 limit (Ib) effort limit
(f)®
Lake Superior MI-5 124,571 124,571 NA
Trout MI-6 278,104 248,180 4,451,000
MI-7 94,329 124,944 9,699,000
Huron MH-1 357,856 474,179 9,978000
MH-2 284,405 251,421 NA
Michigan MM-123 629,400 630,000 7,142,000
MM -4 161,163 179,355 746,000
MM -5 121,592 121,592 283000
MM -67 445,244 445,244 NA
Lake Superior WFS-04¢¢ 144,000 144,000 NA
Whitefish WES-05 203,800 203,800 NA
WFS-06 NA 137,700 NA
WFS-07 514,800 485700 NA
WFS-08 83,200 124,300 NA
Huron North Hurorf 512100 379900 NA
WFH-05 NA 295,500 NA
Michigan WFM-01¢ 1,285000 1,285,000 NA
WFM-02 838000 204,000 NA
WFM-03 1,080,000 450,225 NA
WFM-04 527,300 240,300 NA
WFM-05 180,000 150,000 NA
WFM-06" 74,000 125,000 NA
WFEM-07 NA 250,000 NA
WFM-08& 248000 500,000 NA

a. Modetderived limits for Lake Trout based on priggar stock assessments

b. Gill-net effort limit for Tribal commercial fisheries, derived from reagititnetfishery catckper
unit effort of Lake Trout

Harvest limit for 1836Treatyarea of WFS)4

Modelderived harvest limit based on SPR 0.2 rule for Lake Whitefish

a0



Table 2.2022 harvest and giliet effort limits. Shading denotes management units where
allocation of Lake Whitefish is shared among Statel CORAlicensed commercial
fisheries. Lake trout harvest limits apply to lean Lake Trout only.

Species Lake Management Model-derived Actual harvest Gill net
unit harvestlimit (Ib) limit (Ib) effort limit
(ft)®
Lake Superior MI-5 140,878 140,878 NA
Trout MI-6 289,714 289,714 6,463,000
MI-7 116,074 116,074 8,737,000
Huron MH-1 435,130 435,130 8,809,000
MH-2 340,413 340,413 NA
Michigan MM-123 625,029
MM -4 207,340 207,340 663,000
MM -5 153,683 153,683 295,000
MM -67 513,481 513,481 NA
Lake Superior WFS-04°¢ 177,000 177,000 NA
Whitefish WFS-05 237,700 237,700 NA
WFS-06 NA 137,700 NA
WFS-07 515,600 485,700 NA
WFS-08 85,500 85,500 NA
Huron North Hurorf 304,900 303,900 NA
WFH-05 NA 236,400 NA
Michigan WFM-01¢ 717,000 717,000 NA
WFM-02 292,000 204,000 NA
WFM-03 288,000 337,668 NA
WFM-04 397,300 240,300 NA
WFM-05 70,300 112,500 NA
WEM-06 57,400 57,400 NA
WEM-07 NA 202,500 NA
WFM-08 275,400 275,400 NA

a. Gill-net effort limit for Tribal commercial fisheries, derived from reaghtnetfishery catchper
unit effort of Lake Trout

b. The final 2022 Lake Trout harvest limit for Mi{23 has yet to be determined.

Harvest limit for 1836Treatyarea of WFS)4

Modelderived farvest limit based on SPR 0.2 rule for Lake Whitefish

Lo



Lake Trout

Lake trout stock assessmanbdelsare
populated with both fishergiependent
(commercial and recreational) and fishery
independent informationAll Lake Trout
assessments are supported by -well
established agency survey indices, though the
length of the survey time series varies by
lake. For much of the modeled time series
lake trout were not a primary target of
fisheries in lakes Michigan and Huron,
though this has changed in recent years. As a
result, fishery monitoring data are sometimes
sporadic in certain areas. Nonetheless, the
integraion of (multiple) fishery-dependent
and fisheryindependent sources tend to
produce stock assessmentsf satisfactory
quality.

In Lake Superior, lean Lake Trout are
selftsustaining, and the SCAA models and
target mortality rates apply to these wild fish
in three management areas {IMI-6, and
MI-7). There has been no effort to construct
an assessment model for Lake Trout it un
MI-8 due to its status as a deferred area. Unit
MI-5 spans waters in both 1836 and 1842
Treaty areasto date, commercial harvest of
Lake Trout from unit M5 has occurred
exclusively in 1842 Treaty waters.

Lake SuperiorLake Trout populatiors
experimce low overall mortality with
lamprey tending to be the dominant mortality
source on mature lake troand population
trends are largely driven by recruitment.
Increased recruitment was evident in western
Lake Superior Treaty watesadter 2013 with
an apparerly large 2015 yeaclass beig
produced in both Mb and MI6. There were
early signs of a similar increase in unit-¥ll
but the SCAA model there is on a thigsar
rotation and was last updated in 2020 (with
data thru 2019) with data in 201Bishery
harvest$ave declined since the late 2010s in
all Superior units and mortality rates have
followed suit though we note that the most
recent commercial harvest from Ml is

carried forward from 2020Sea lamprey
induced mortality (SLIM) remains a
significant source of mortality in Lake
Superior andecentinstantaneousates range
between 0.1 and 0.13 Yron the most
vulnerable age classwhich is always an
older age tharthose included irthe typical
reportingmetric (.e average foragess-11) 1

the peak rate may be a more suitable
reporting metric for future status reports
Despite the low overall mortality regime,
Lake Trout spawning biomassin Lake
Superior treaty wateris stable to declining,
as recent large recruit classes have yet to
mature to the spawning stock.

Lake Trout populations in Lake Huron
are composed of a mix of hatchery and
naturally produced fishihe latter dominating
proportions of fish up to age 15 captured in
fisheries and surveysMortality in Lake
Huron is estimatedto be quitelow, with
annual rates less than 30% for the past two
decales, which is much more similar to Lake
Superior than Lake Michiga@onsequently
estimatedemale spawning biomass has been
quite stableduring 20162021 (range 1.1 to
1.3 million Ib). SLIM has remained below
0.05 yr! since 2000, though it is worth noting
that such rates reflect% % reduction from
the base rate dsed onassumed lower
susceptibility of Seneestrain Lake Trout
(the dominant strain in Lake Huroi) sea
lamprey predation Commercial ishery
yieldsfrom 1836 waters have been consistent
since roughly 2007, ranging between 200
300K pounds.Recreational yield of Lake
Trout, whichincreased markedly after 201
was he highest in the time series in 2021 at
160K Ib. Extractions from the commercial
fishery Ontario waters included in the SCAA
model are assumed to have been constant
since 2018. Survival oftocked fish, which
had declinedsignificantly after 2001 may
hawe improved slightly in past few years,
though additional observations will be
necessary to confirmGiven the current



approach to modeling this mixed hatchery
wild stock, he survival of stocked fish, and
hence theoverall scalng of recruitment
remains a open area of investigation for the
Lake Huron Lake Trout stock assessment
Research targeted at better defining post
stocking survivalis expected to commence
within the next few years.

The dynamics of Lake Trout populations
in Lake Michigancontinueto vary based on
location. Mortality has been above target in
MM-123and MM-4 for nearly every year of
the 2000 Consent Decre¢hough recent
mortality rates are among the lowast the
time series in both unitsHigh levels of
stocking havesustained populatioria these
areas Mortality is lower in units to the south,
with recent maximumannual ratesn the
range of 35% in unitMM-5 and MM-67. A
decline in $IM has beem major contributor
to these patterndMaximum instantaneous
SLIM hasremainedelow0.1 yr! since 2015
in all Lake Michigan units and current rates
range betweenzero and 0.04 yr?, an
unprecedented circumstance in contemporary
times. Age compositions have expanded in
all Lake Michigan areas in recent years, albeit
modesty in the northern units, wherthe
accumulation of fish to thé€fully) mature
fraction of the population is largely due to
survival of a few year classafterincreased
stockingtargetswvere implemented in the late
2000s. Natural reproduction of Lake Trdu
continues to increase in Lake Michigan,
although most of the gains are coming in the
southern portion of the lakeReaquitment of
wild fish, as measured bghange in relative
abundancehegan to increase in V@7 after
2015 a few years later in MMNb, and most
recently in MM4. In MM-123 recruitment
of wild fish has remained low Lakewide
yield of Lake Trouthas remainethirly stable
(890-980K Ib)in Lake Michigansince 2016
though we note that modest reductions in
MM-123 and MM67 were offset by
increased yield in MM, which was the

highest in the time series in 2021 due to
increased recreational and commercial
harvestFishing remains the highest source of
mortality in units MM123 and MM4 and a
significant source irunits MM-5 and MM

67. Nonethelesd,ake Troutpopulatiors in
Lake Michiganare in a much more favorable
position tharwas the case as recently as the
mid-2010s.

Lake Whitefish

Lake  Whitefish  populations are
supported byatural reproduction throughout
the Treaty waterandstock assessments are
presently populated with only fishery
dependent informationfrom commercial
fishery sources Potential mismatches
between biological stock and management
unit-boundaries¢oupled withthe small scale
of certain fisheries and/or limited monitoring
information, presents some challenges to the
stock assessment process for Lake Whitefish.
The quantity and quality of the fishery
monitoring data is of utmost importance to
ensuring quality radtss something that
deserves continued scrutiny in the future.
Thoughdata sourcemay not beof the same
quality acrossall modeledunits, the best
available data and consistent model
structures and proceduresare used to
estimate stock parametdos each unit

Lake Superiot.ake Whitefishunit WFS
04 spans both the 1836 and 1842 Treaty areas
and commercial extractions are higher in the
western (1842) portion of the unit
Recruitment habeen cyclical here and both
surveys and commercial monitoring icate
an increase in recruitment recently.
Consequently,ighery yield and catch rates
increased markedly in 2020 and 2020
signal for increased recruitmeyet exists in
adjacent unitWFS-05, where fisheryyield
hasdeclined the past few yeamimarily due
to reduced effort. Mortality remains low
(<30%) in these westeri836 treaty areas
and spawning biomass is stable.




Further eastn the Grand Marais area monitoring data indicate that age
(WFS-06), fisheries are small, sporadic and compositionis now composed primarily of

generally difficult to sample. As result,the fish less age 15 anithe strong year classes
assessment modfdr this area hasot been producedin the late 1990s are no longer
updatedsince the mieR000s. Since then, supporting the fisheryn adjacent uniWFH-
yieldshaveranged from zero to 68K Ib 05, many of the same patterns described fo
In easternLake Superior, fisheries are North Huron were evident during the last
moreintense and mortality is highethan in assessmen2018 cycle with data through
the western treaty watertn WFS-07, the 2016 for this stock but low fishing effort,

current assessment model estimates that coupled with a lack of monitoringdatg limits
recruitment has largely been stable since the what can bestatedabout recent stock status.
early 1990sbut growth rates have declined  Fishery yeld declinedquickly in WFH-05
(although less so than for stocks in the lower after the 2007 peaKnearly 900K Ib) to
lakes) contributing to the steady, lorggrm roughly 30K Ib in 2016. Little to no
declinein spawning biomass evident here monitoringdata were obtaineduring 2016
Mortality averaged 61% over the last 10 2019. Despiteecent yield being at 1% of the
years which is somewhat higher than the peak, some monitoring samples were

previous 2 deaes Recent (2012020) collected during 2020 and 2021, and an
yields are the lowest since 2009, with  attempt will be made to populate thié-H-
reducecdeffort a contributing factoin WFS 05 SCAA model during the 2022 cycle. This
08, recruitment has steadily increased over historically important stock can onlpe
the lastfour decadeswith the lastfour years adequately assessed if data collection
being near the averagéhe average decadal consistently improves in the years to come.
mortality has been near to or higher than 60% There are eight whitefish management
for each of the last 4 decades with the highest units in Lake Michigan, spanning diverse

in the most recent decad@average 60% range of habitats, productivity, and fishery

during 20162020) and stock and spawning  dynamics. For simplicity, we refer here to
biomasshave declinedover the past two units WFM-01 though WFM-05 as the
decadesAs in WFSO07 yield declined during Anortho and asoettaasthé r om L

20192020 to levels last observed 2009 A s o ultake Whitefish recruitment patterns
primarily because ofower effort. are broady similar throughout Lake
In northern Lake Huron Treaty waters  Michigan declines from altime highs began
(WFH-01 thru WFHO04), thee is little in the late 1990s and early 2000&th the last
evidence that a strong year cldsss been year class of any consequence being
produced since the late 199@secipitating produced in 2003Trends in biomass follow

the long-term decline in adult biomass that  those of recruitment though spawning
has been well described in this report series biomass started tdecline somewhat sooner
Spawning biomass stabilized somewhat after in the north, where the relative size of the
2016 due to declining mortality rates a 2003 yeaiclass was lowethan in the south
consequence of reduced fesi effort the and mortality rates were highehfter the
past few years, and particularly so in 2020. inception of the Decree, yields increased
Current spawning biomass is approximately all major fishing areasthrough the late
10% of the peak observed in the rii890s 2000s/early 2010sind maximum mortality

and 2020 commercial yiel@32K Ib) was rateswerein the 4060% rangeduring ths
6% of 1995 peak Yield declined further in postDecree pealn fishery yield (ecept in
2021, to roughly 15K Ib. Commercial unit WFM-08, where estimated rates

10



remained below 30%Declining catch rates
and subsequdngt declinng effort, began to
impect fishery yields after 2 and the lack
of recruitmentresulted incontinued erosion
of the fishable stock in most areaspattern
that continues tathe present timeYield of
Lake Whitefish from Lake Michigan treaty
waters was less than 500K Ib oth 2020
and 2021 roughly 13% of the2009 value
Currentmaximummortality rategangefrom
22% to 35%, well below the established
target For some of the smaller stocks,
fisherieshave declined to levels that make
obtaining monitoring sampleschallenging
Conversely, arap-net fishery operationin
WFM-07 (Ludington), for which no

assessment model has been developed, has

recently become active aftseven year®sf
inactivity. Despite the minimal effort, the
fishery in Ludingbn was responsible for
roughly 10% of the lakewide harvest during
2020 and 2021. Collection of biological
information will be crucial for development
of a future stock assessment, whether this
area is treated as a separaté, or combined
with other units for stock assessment
purposes.

Technical Changes

Information in this section is generally
reserved for technical changes that were
implemented across multiple assessments.
The individual unit summaries provide detalil
on major structural changes or @sgptions
that affect a particular assessment; for this
reason, certain individual unit summaries
provide more detail than others.

Recruitment modeling in Lake Whitefish
stock assessments

SCAA models for Lake Whitefish ke,
since their developmentjncorporated a
Ricker stockrecruitfunction(SR)to provide
recruitment predictions based on an
estimated stockecruitrelationship(note that
no environmental covariateseincorporated
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into the SR function)Abundanceestimates
for the first modeled agelerived during
fitting of the catchandagecomposition data
andcompared tahe SRpredicted valueare
deviations arepenalizedin the model & s
likelihood function Once sificient data
observationsare obtained for &ohort, the
estimates of abundance for g@hortare less
constrained by the SPredicted values
thus,the SR predictions werenvisionedto
provide a forecast of recruitmerior recent
cohorts that were noyet recruited to the
fisheries The SRrelationship wasassumed

to bestationaryfor the entire modeled time
series thereby assuming that stock
productivity was timanvariant. As growth
declined inlakes Michigan and Hurorand
fish recruited to thdisheries over multiple
years, often not becoming fully vulnerable
until age 8 or 9, thperiod of uncertainty at
the end of the time series expandethtive

to the period when the models were
developed, when fish were recruiting at age 4
or 5 Furthermoe, given the fundamental
changes that occurred in thewer-trophic
ecologyof lakes Michigan and Huron in the
mid-2000s it seemedunlikely that agy
underlying stockecruit relationship hh
remained constantn fact, in response to
nuisance bounding iges or an inability to
estimate SR parameterdie WFM-01 and
North Huronmodels had abandoned the SR
recruitmentsulbbmodel in favor of asersion

in which eachannualrecruitment valuavas
the product of an estimated tirseries
averageand an estimated aunal deviation,
with the annuatieviations following avhite
noise (WN) pattern.Note that such an
approachdid not relax the assumption about
stock productivity being generalsgationary.

A wholesale evaluation, using candidate
models in each lake, was needed to address
outstanding questions about the adequacy
the currenSR approaclgiven the ecological
changes that have occurred through time



To address these questions, a subgroup of
the MSC evaluate a suite of alternative
approaches to modeling recruitment
including singleperiod and tweperiod
(lower-lakes only) white noise (WN) and
first-order autoregressive (AR) options
These Hernative models were evaluated
against theexisting 2021 statusquo version
(SR or WN, depending on the unifpr
candidate models within each lakeith
model fit and retrospective biasrving ashe
primary performancenetrics.For the lower
lake (Ml and HU) candidate models, the
alternative AR versiom was consistently
favored(lower retrospective bida measures
associated with the fishable stypclhile the
WN version was wakly favored for the Lake
Superior units, though estimates of stock size
were generally similar among tlaéternative
versions evaluateéor Lake Superiar This
was not so for lowelake modelsestimated
stock size was consistently much lower for
the favored AR1 alternatigeThe results of
the evaluation mirrored our working
assumptions about recruitment dymcs in
Lake Superior, which has been a much more
stable system ecologically, versus lakes
Michigan/Huron, where ecological
perturbations are much more prevaleimt
lakes Michigan and Huron, the stationary SR
(or WN) assumption was unable to
adequatelyespond to the ecological changes
that occurred in the mi@000s and model
estimates of abundance were likely biased for
cohorts not yet dlly vulnerable to fishing
gear, or for which age composition data were
insufficient This bias would be exacerbated
during the projection of harvest limits, which
for Lake Whitefish, relied on a twypear
projection from the last data vyear.
Consequently, te favored alternative AR1
version resulted in lower estimates of
abundance for the fishable stock&nd
projected harva limits were30% to 70%
lower for units in lakes Michigan and Huron.
In Lake Superior, the favored WN version

12

tended to produckargerestimated stock size
and projected harvest limits weup to 5%
higher (the AR1 produced similaesults).
Despite he substantial impact on projected
harvest limits, within a given lake the
evaluation produced very consistent results
across multiple evaluation units and there
was strong analytical support for adopting the
favored alternative recruitment models for
the 2022 assessmentycle. The reduced
harvestrecommendationgroduced by the
favored alternative models for the lakes
Michigan and Huron were still substantially
higher than current yields.

We notel that for each alternative
recruitment model, &awo-period variant was
evaluatedfor the Lake Michigan and.ake
Huron units: for these variants recruitment
parameters were estimated separately for
each of two periods, designatby a switch
year in the model code. The switch year was
chosen to corrg®nd to ayear assumed to
best represent thecommencement of
significant ecological change (2004 was
chosen for the evaluation). Although there
seemed to be reasonahlstificationfor this
approachthe twoeperiod versions performed
similarly to the singg-period versions and the
decision was made to retain trsempler
single-period variant, which relied on fewer
assumptioa Testing of alternative switch
years did not substantively alter the results.
We will continue to evaluate these various
options asnore information is gatherett.is
important to acknowledge thatgardless of
the modeling approacin the absence
viablefishery-independentecruitment index
for Lake Whitefish abundance estimates for
recent cohorts will remain uncertain. The
MSC continues to evaluate existing data
sources fotheir potential utilityas an index
of recruitment

Treatment of the refuge stock in Lake
Michigan Lake Trout stock assessments for
units MM-123 and MM67



Portions ol_ake Michigan units MM123
and MM-67 encompass areas that have been
set aside as Lake Trout refuges, where
retention of Lake Trouby commercial and
recreational fishersis prohibited. The
Northern Refuge is located entirely in 1836
Treaty waters, encompassing roughly 30% of
surface areaf statistical district MM3. The
Midlake Refuge spans the Lake Michigan
border between Wisconsin and the 1836
waters of statistical district MM and is
distinctfrom nearshore areas, from which it
is separated by depths up to 130@urrent
assessments foranagement units MM23
and MM-67 are structured to model only the
nonrefuge portion of the stocKthough
fisheryindependent survey data are available
for both refuge areas, although orfipm
Wisconsin waters of the Midlake Refuge).
However, efuge and an-refuge portions of
the stockact asoth stocking and recruitment
sites in the Lake Michigan migration
estimaion, so recritment of agel fish is
assumed known for reach fraction of the
stock.

Since the inception of the Decree,
projection models for MI-123 and MM67
have incorporatedan adjustment for the
refugefractionof the stockwhen determining
allowable harvest for the fishable stogkis
is accomplished bycalculating a blended
Refuge/Norrefuge SSBR targgffor use in
theprojection) based otine nhumber of agé
fish recruited to each fractiomelative to the
total recruitment for the stock dtural
mortality, SLIM and naturity are assumed to
be equivalent for both fractiopns The
consequence of using this approach is that the
nonrefuge fraction of the stock can be fished
at a higher ratdue tothe spawning stock that
resides in the refuge.

Historically, the weighting factor was
determinedby using the most recent three
yearsof stocking data. Since stocking rates
had remained fairlgonsistenthrough time,
there was likely little consequence to using
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such a shorterm average. In light of
temporarychange in stockingracticesdue
to pandemigaelated restrictions (ie offgine
stocking at the refuges did not occur, or was
substantially reduced in 2020 and 2021), the
MSC determined that using a shtetm
average for the weighting factor was
inconsistent with the intent of SSBR target
control rule, which is based on the amboh
spawning biomass than an individual recruit
is expected to contribute during its projected
lifespan. The MSC determined that a-tevar
average (commencing with cohorts being
projected into the fishable stock beginning at
age 3) was more appropriate

The justification/appropriateness of this
approach for treatment of the refuges
deserves more attention in the future. Much
more information is now available on the
dynamics of populations in the refuges, and
more detailed information on movemeoit
Lake Trout between refuge and naefuge
areasof MM-3 is expected to be available
within the next few years. A wholesale
evaluation of how (or whether) the refuges
should be incorporated into the stock
assessmeniand harvest polic processes
appearswarranted the latter being outside
the purview of the MSC



MANAGEMENT UNIT DESCRIPTIONS

The Great Lakes are divided into spatially
explicit management units, which differ for
Lake Trout and Lake Whitefish. The
provisions of the 200Q@onsent Decree apply
to each of the individual management units
either partially or wholly contained within
the 1836 Treatgeded (Treaty) waters of the
Great Lakes. What follows are descriptions
of the nine Lake Trout management units
(Figure 1) and 15 UWe Whitefish
management units (Figure 2) that are
assessed by the Modeling Subcommittee,
with an emphasis on major physical features
and landmarks. Table 2 provides area
estimates for each management unit as
derived from spatial analysis of available
shapé i | e | ayers in

Lake Trout Management Units

MI-5: Lake trout management unit Nl
extends from Pine River Point (west of Big
Bay) to Laughing Fish Point (east of
Marquette). This management unit includes
Stannard Rock, an offshore shoal ab@2
km north of Marquette, and is in both the
1836 (250,000 ha) and 1842 Treaty waters
(124,000 ha). The 1836 Treaty area extends
east from the nortBouth line established by
the western boundaries of grids 1130, 1230,
1330, 1430, and 1530. This uhias a wide
bathymetric range with depths beyond 235 m.

MI-6: Lake trout management unit Al
extends from Laughing Fish Point (east of
Marquette) to Au Sable Point (east of
Munising). This management unit includes
Big Reef, an offshore reef complex about 32
km northeast of Munising. This management
unit contains e deepest waters of Lake
Superior with soundings deeper than 400 m.

MI-7: Lake trout management unit Ml
extends from Au Sable Point (west of Grand
Marais) to Little Lake Harbor (east of Grand
Marais). This management unit has complex
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bathymetry with may lacustrine ridges,
trenches, and slopes.

MH-12: Lake trout assessment unit
MH-12 comprises Lake Huron statistical
districts MH1 and MH2 and includes
biological data from adjacent Ontario quota
management areasl4 42, and 43 (no
detailed descriptio is provided here for
these Ontario units)MH-1 is located in
northern Lake Huron and extends from the
Mackinac Bridge south to the border
between grids 607 and 608. The
management unit has a wide bathymetric
range with areas in grids 407 and 408 as
deep as 130 m. This statistical district lies
completely within 1836 Treaty water©n
this  district
encompasses the ports of Saint Ignhace,
Mackinaw City, Cheboygan, Hammond
Bay, and Rogers City. The St. Marys
River, connecting Lakes uperior and
Huron, flows into Lake Huron in grid 306.
The majority of Lake
important Lake Trout spawning reefs and
shoals are located in MH. The
Drummond Island Refuge is located in
grids 307, the northern %2 of grid 407, and
Michigan waters of grids 308, 408, 409,
and 410, and covers 72,000 ha of 1836
Treaty waters. Retention of Lake Trout in
the refuge is prohibited. Statistical district
MH-2 lies directly to the south of M#
and includes both 1836 Treaty waters and
nortrtreaty waers, divided by aNE line
running neart he tip of
North Point to the international border. The
Michigan ports of Presque Isle and Alpena
are contained in this statistical district.
MH-2 also has a wide bathymetric range,
with areas in grid314 and 814 deeper than
210 m. District MH2 contains a limited
number of historically important nearshore
Lake Trout spawning reefs and shoals.
These reefs are located near Middle Island

Thund ¢



and along Thunder
Points. Six Fathom Banlg large offshore
reef complex, bisects districts MBI and
MH-3. A portion of the Six Fathom Bank
Refuge is contained in unit MB, covering
the eastern half of grid 913 grid 914 and
Michigan waters of grid 915. Retention of
Lake Trout is prohibited in he refuge.
Canadian waters adjacent to the refuge are a
commercially  protected area  where
commercial fishers are prohibited from
fishing in waters shallower than 40 fathoms.
MM-123: Management unit MML23 is
made up of statistical districts M¥, MM-2
and MM-3 and
waters of northern Lake Michigan and
northern Green Bay. Water depths in the
northern portion of the unit are generally less
than 45 m. In southern portions of the unit,
depths can be greater than 170 m. Most of
the hisorically important Lake Trout
spawning reefs in Lake Michigan are located
in MM-123. The unit contains many islands
including the Beaver Island complex
(Beaver, Hat, Garden, Whiskey, Trout, High
and Squaw lIslands), North and South Fox
Islands, and Gull land in Lake Michigan.
Another series of islands form a line
separating Green Bay from Lake Michigan;
these include Little Gull, Gravely, St.
Martins, Big and Little Summer and Poverty
Islands. Except for the southern emadf of
MM-1 in Green Bay, this anagement unit is
entirely in 1836 Treaty waters, and contains
a Lake Trout refuge.
is nearly 233,000 ha and occupies the
southern % of grids 313 and 314, grids 413,
414, 513516, the northwest quarter of grid
517, grid 613, and theorthern %2 of grid 614.
Retention of Lake Trout by sport or
commercial fisheries is prohibited in the
refuge. Both commercial and subsistence
gill-net fishing are prohibited in the refuge,
while commercial tramet operations are
permitted to harvest LakWhitefish.
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MM-4 encompasses the Grand Traverse
Bay region of Lake Michigan. There are
two islands in this management unit,
Bellow and Marion Island. A large
peninsula bisects the southern half of the
bay. For the mogtart water depths in the
bay range up to 85 m. However, waters on
either side of the peninsula are much
deeper, ranging to 134 m in the west arm
and 195 m in the east arm. This
management unit is entirely in 1836 Treaty
waters. There are no refuge araliscated,
however commercial fishing is prohibited

encompass e sin tii southerry mastopertion of the bay

(grids 915 and 916). Based on estimates
from historical commercial catch rates only
a small amount of Lake Trout spawning
habitat is located in the management.unit
MM-5: Lake trout management unit
MM-5 is located in eastern central Lake
Michigan and corresponds to the M/
statistical district. This area constitutes an
area of high use by both Tribal and State

interests. The unit includesMi c hi ganés

waters of lake Michigan from Arcadia
north to the tip of the Leelanau Peninsula,
extending to the state line bisecting the
middle of the lake. There are two islands in
this management unit, the North and South
Manitou Islands. Some of the deepest
waters and largesdrop-offs in Lake
Michigan occur in MM5. Water depths
range to 250 m and for the most part are

giieatey thanrnl20rnt. Hieerentire rared isiig e 0

1836 Treaty waters and there are no refuges
allocated within the management unit.
Only a small amount of Lake Trbu
spawning habitat is located here, most of
which is located in the near shore zone and
around the North and South Manitou
Islands.

MM-67: Lake trout management unit
MM-67 is located ireastern central Lake
Michigan, comprising statistical districts
MM-6 and MM7. The area covers



Mi chigands waters of
Arcadia to Holland, extending to the state
line bisecting the middle of the lake. The
northern section of the regiorMM-6) is
deeper, with depths up to 275 m, and is
characterized by greater slope than the
southern section (MM). For the most part,
water depths in MM/ are less than 122 m.

There are no islands or structures in southern

treaty waters, and there is lgtLake Trout
spawning habitat, with the exception of
offshore deepwater spawning reefs located
within the midlake refuge. The southern
treaty management unit is not entirely
comprised of 1836 watersthe northern
section (MM6) is entirely treaty ceded
territory while only the northern twthirds of
the southern section (MM) is within the
1836treaty territory. A total of 179,000 hain
the unit are outside treaty waters. A line
running parallel to the northern side of the
Grand River (located appriomately % of the
way through grids in the 1900 series) out to
the state line in the middle of the lake
delineates the southern boundaryhaf 1836
Treaty areain the unit. Management unit
MM-67 contains a portion of the midke
Lake Trout refuge, whichcomprises 850
square miles of the unit (grids 1606, 1607,
1706, 1707, 1806, 1807, 1906 and 1907). It
is illegal for recreational, commercial and
subsistence fishers to retain Lake Trout when
fishing in the refuge area. Giflet fishing
(both commercial @d subsistence) is
prohibited in the refuge, Statand Tribal
licensed commercial trapet operations are
permitted to fish in the refuge; however, the
retention of Lake Trout is prohibited.

Lake Whitefish Management Units

WES-04: Lake whitefish unit WFS4 is
located in Lake Superior near Marquette,
roughly between Big Bay and Laughing Fish
Point. Near shoreline features of this zone
include many points, bays, islands, and in
flowing rivers. Habitat suitable for Lake
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Whaitefessh gfowthh and aeprodbictioosm
associated with many of these features.
This unit holds waters both within and
outside the 1836 Treaty area. Based partly
on the number of statistical grids on either
side of the 1836 treaty line and partly on
established protocol for a similar situatio
with Lake Trout, 70% of WF®4 is
considered to be in 1836 waters.

WES-05: The WFS05 Lake Whitefish
management unit extends approximately
from Laughing Point to Au Sable Point in
Michigan waters of Lake Superior. Several
bays (Shelter Bay, Au Train Ba South
Bay, and Trout Bay) and islands (Au Train
Island, Wood Island, Williams Island, and
Grand Island) are prominent in this area,
providing substrate and depth contours
suitable for Lake Whitefish habitat and
spawning. Different whitefish stocks ski
within this unit, including a smaller,
slowergrowing stock identified in
Munising (South) Bay.

WES06: The Grand Marais stock of
Lake Whitefish is probably one of the
smallest in the 1836 ceded waters, certainly
the smallest in terms of harvest levais
Lake Superior waters. There are typically
only small aggregations of spawning Lake
Whitefish in WFS06, based on anecdotal
information from commercial fishers that
have regularly fished WF86 throughout
the year.

WESOQ07: WFSO07 is located in the
Whitefish Bay area of Lake Superior.
There is a substantial commercial fishery in
adjacent Canadian management 8@

11. WFSO07 contains a single, large stock
of whitefish that spawns in the southwest
portion of Whitefish Bay.

WES08: WFS08 is located inthe
southeast portion of Whitefish Bay, Lake
Superior. WFS8 is spatially the smallest
of the management units in the 1836 ceded
waters of Lake Superior. A substantial
commercial fishery targeting whitefish also



exists in adjacent Canadian management
units SO-11 and SGL2. It is thought that four
reproductively isolated stocks of whitefish
contribute to the commercial fishery in WS
08. There are two spawning areas in WFS
08, a probable contributing spawning
population in Canadian waters of
management nit SO12, as well as
contributions from spawning fish in WHY
directly west of WFSD8.

Northern Huron (WFFD1 thru WFH
04): Management unit WFH1 is located in
the northwest portion of the main basin of
Lake Huron. Management unit WFB2 is
located abng the northern shore of the main
basin of Lake Huron. Much of WFB2 is
deeper than 45 m and maximum depth is
slightly more than 90 m. WH@A2 is a small
unit made up of only three statistical grids.
The unit has an irregular shoreline with many
small,rocky points, small bays, and scattered
boulders. Management unit WFB38 is small
and encompasses only the area around
Drummond Island. A Lake Trout refuge is
located along the south shore of Drummond
Island where largenesh giltnet fishing is
prohibited and retention of Lake Trout by
trap-net fisheries is prohibited. The south
side of WFHO03 is deep with much of the
water exceeding 45 m in depth, whereas the
north and west sides of Drummond Island are
relatively shallow. WFFD3 contains six
statistich grids WFH-04 is the largest
whitefish management unit in the 1836
Treaty waters of Lake Huron. Spawning
concentrations of whitefish are scattered
throughout the unit with concentrations being
found from Cheboygan to Hammond Bay.

WFH-05: WFH-05 extend$rom Presque
Isle south to the southern end of grids -809
815 in US waters and includes some waters
of Lake Huron that lie outside the 1836
Treaty waters. WFH5 contains multiple
spawning aggregates, most of which are
likely associated with the numerousdands
(Crooked, Gull, Middle, Sugar and Thunder
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Bay) or small embayments that are found in
the southern part of the unit.

WFM-01: Lake whitefish management
unit WFM-01 is located inthe 1836 Treaty
waters of northern Green Bay. Prominent
features of this area include two large bays
(Big and Little Bay de Noc), numerous
small embayments, several islands
(including St. Martins Island, Poverty
Island, Summer Island, Little Summer
Islard, Round Island, Snake Island, and St.
Vital Island), as well as various shoal areas
(Gravelly Island Shoals, Drisco Shoal,
North Drisco Shoal, Minneapolis Shoal,
Corona Shoal, Eleven Foot Shoal,
Peninsula Point Shoal, Big Bay de Noc
Shoal, Ripley Shoal,ral shoals associated
with many of the islands listed above).
Little Bay de Noc is the embayment
delineated by statistical grid 306. Shallow
waters characterize the northern end and
nearshore areas, but there is ath230-m
deep channel that runs thadgh of the bay.
Rivers that flow into Little Bay de Noc
include the Whitefish, Rapid, Tacoosh,
Days, Escanaba, and Ford. Big Bay de Noc
is a larger embayment delineated by
statistical grids 308 and 309. Big Bay de
Noc is relatively shallow with over Hahe
area less than 1® deep and a maximum
depth of 21 m. Rivers that empty into Big
Bay de Noc include the Big, Little, Ogontz,
Sturgeon, Fishdam, and Little Fishdam.
Only grids 308, 309, 407 and 408 are
entirely within 1836 Treaty waters

WFEM-02: WFM-02 is located in the
northwest portion of Lake MichiganThe
only known spawning population of
whitefish in the management unit is located
in Portage Bay; this population is not as
abundant as other stocks in Lake Michigan.
Many of the whitefish inhabing WFM-02
move into the unit from adjacent units.

WFEM-03: WFM-03 is located in
northern Lake Michigan. The unit extends
from the Straits of Mackinac west to Seul



Choix Point and is bounded on the south by
Beaver Island and a complex of shoals and
islandssurrounding it. Nearly the entire unit
is shallow water less than 27 m deep.

WEM-04: WFM-04 is located in central
northern Lake Michigan and contains a very
diverse range of habitat. The Beaver Island
archipelago, which consists of eight named
islands is the dominant feature of the unit.
These islands, located mainly along the
northern edge of the unit, are associated with
a large, rocky reef complex that extends
about 15 miles west from Waugoshance
Point near the
Lower Peninsula. This northern reef
complex is shallow, ranging from 20 9-m
deep. Many smaller submerged reefs extend
from the northern reef complex to the south,
running along the east and west sides of
Beaver Island, al4,245ha landmass that
bisects theunit. These latter reefs are
surrounded by deep water.

WEM-05: Management unit WFMN5
encompasses the area from Little Traverse
Bay through Grand Traverse Bay and
offshore waters of Lake Michigan north and
west of the Leelanau Peninsula. Much of
WFM-05 contains water greater than-80
deep, including both the east and west arms
of Grand Traverse Bay. The deepest parts of
WFM-05 exceed 183 m, both in the offshore
waters west of the Leelanau Peninsula, as
well as within the east arm of Grand Traverse
Bay. Several small shallow reef areas are
located in the offshore waters, and there is an
extensive shallow water area associated with
the Fox Islands. Seventeen statistical grids
make up WFMO05. Much of the offshore
waters of WFMO05 are part of the norgnn
Lake Michigan Lake Trout refuge.

WEM-06: Lake whitefish management
unit WFM-06 is located in 1836 Treaty
waters west of the Leelanau Peninsula from
about Cathead Point south to Arcadia. These
waters of Lake Michigan include Good
Harbor Bay, Sleeping &r Bay, and Platte
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Bay. Two large islands, North Manitou and
South Manitou, are contained in this
management zone, as are three large shoal
areas including North Manitou Shoal,
Pyramid Point Shoal, and Sleeping Bear
Shoal. Major rivers flowing into WFNIG
include the Platte and the Betsie. Betsie
Lake is a drowned river mouth formed
where the Betsie River flows into Lake
Michigan. Except for areas near shore or
around the islands, most of the waters in
WFM-06 are deep (greater than 60 m).
Bays, island, and shoal areas offer the best

lsabitat fonLake Whitefighf spakining im thig a n 0 s

management area.

WFEM-07: Lake whitefish management
unit WFM-07 is located within the 1836
Treaty Ceded Waters of eastern central
Lake Michigan from Arcadia in the north to
just south of Stony Lake, and west to the
Michigan/Wisconsin state line bisecting the
middle of the lake. This Lake Whitefish
management unit includes part or all of
grids 11071111, 12071211, 13061310,
14061410, 15061510 and 1604609.
There are severahflows from the Big
Manistee, Little Manistee, Big Sable, Pere
Marquette, and Pentwater Rivers, and
drowned river mouths at Manistee Lake,
Pere Marquette Lake, and Pentwater Lake.

WFM-08: Management unit WFN8
is the Lake Michigan whitefish zone that
extends from Montague south past Port
Sheldm; only those waters north of the
Grand River lie within 1836 Treaty waters.
Apart from the shoreline, and inflows from
the White, Muskegon, and Grand Rivers,
and drowned river mouths at White Lake,
Muskegon LakeMona Lake, and Pigeon
Lake, this area has few other distinguishing
features relevant to Lake Whitefish
biology. Depth gradients west from shore
are relatively gradual, but most of the
waters in WFM08 are 6im deep or
deeper.
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Figure 1. Lake Trout Management Units. Shading denotes units subject to provisions of the 2000
Consent Decree. Like shading indicates where statistical districts have been combined into a
single management unit for stock assessment purposes. bsthefd_ake Huron, outlined areas
adjacent to statistical districts MHand MH2 denote where fishery data from Ontario waters

are included in theinglestock assessmeanit for Lake Trout in Lake HurorNo stock

assessment has been developed for Lakei$or unit MI8.
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Figure 2. Lake Whitefish Management Units. Shading denutiés subject to provisions of the
2000 Consent Decree. Like shading indicates where units have been combined into a single
management area for stock assessment pagpoNo stock assessment model has been
developed for Lake Michigan unit WFRI7 and the stock assessment mettelLake Superior
unit WFS06 and Lake Huron unit WFH5 have not been populateecentlydue tothe lack of
availablemonitoringdata.
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Table3. Surface areéhectarespestimatedor Lake Trout and Lake Whitefish management units
associated with 1836 waters of the Great Lakes.

Species Lake Manzagﬁment Total Area (ha) Area<= 80m (ha)
Lake Trout Superior MI-5 374,100 117,000
MI-6 803,300 105,100
MI-7 459,300 157,800
Huron MH-12 1,073,800 563,000
OH-1* 353,800 196,300
Michigan MM-123 1,293,200 910,200
MM -4 66,100 50,200
MM-5 548,000 125,400
MM-67 1,155,500 270,200
Lake Whitefish Superior WFS-04 396,300 116,800
WFS-05 730,000 96,400
WFS-06 416,900 123,200
WFS-07 239,200 148,800
WFS08 78,200 70,400
Huron North Huron 677,300 385,700
WFH-05 262,700 86,300
Michigan WFM-01 190,700 190,700
WFM-02 293,000 146,800
WFM-03 200,500 200,500
WFM-04 259,200 228,900
WFM-05 366,100 174,100
WFM-06 475,300 116,600
WEFM-07 643,800 117,800
WFM-08 656,800 145,700

*Ontario statistical district OH presented as a surrogate for the three Ont@adamanagement areas
(4-1, 42 and 43) included in the Norttentral Lake HurofiMH-12) model
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STATUS OF LAKE TROUT POPULATION S

Lake Superior
MI -5 (Marquette)
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Maximum Mortality Rates for Lake Trout in MI-5
— TargetRate [ ] Lamprey [ ] Recreational [ Gill [l Natural

i

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

o
2]

o
'S

o
L)

Instantaneous Mortality

o
o

Parameter Value
Base SSBR 4581b
Current SSBR 1771b
SSBRat target mortality 0.221b
Current SPR 0.39

M 017y*
F, Commercial 2019-2021) <0.01y?
F, Recreational2019-2021) 0.02y?
Sea Lamprey Mort2018-2020) 0.04y?
Z (2021) 0.22y*
2022Modelderived Limit 140,878Ib
2022 Actual Harvest Limit 140,878Ib
Model Rating Medium

Mortality rates represent averages for Lake Trout
ages 611. Commercial fishing mortality includes
Lake Troutharvesedfrom all commercial fishery
gear types



Notable stock dynamics and model revisions
for MI-5:

Lake trout abundance in this unit peaked in
the late 1990s underwent a systematic
decline until 2014 but hassince increased
due to increased recruitment. Sea lamprey
induced mortality has declined since 2007
and has been consistently low in recent years.
Recreational harvest averaged 7,800 fish
during 20192021. Commercial yield
averaged 12,900 Ib during 202820 @021

not available) and has declined by more than
two-thirds since 2006. The 2022 model does
not have actual 2021 commercial vyield,
effort, and age composition data. The
assessment was based on assuming that 2021
commercial fishery data were equal to the
2020. Total annual mortality for ageld
lake trout averaged 20% in the last three
years. The lake trout modearvest limitin
2022 increased by 13% from2Ddue slight
increase in abundance and lower mortality.
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MI -6 (Munising)

Shawn Sitar
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Maximum Mortality Rates for Lake Trout in MI-6
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Parameter Value
Base SSBR 4401b
Current SSBR 1681b
SSBRat target mortality 0.411b
Current SPR 0.38

M 0.17y?
F, Commercial 2019-2021) 0.02y?
F, RecreationalZ019-2021) 0.02y?
Sea Lamprey Mort2018-2020) 0.07y?
Z(2021) 027y?
2022 Modelderived Limit 289,7141b
2022 Actual Harvest Limit 289,7141b
Model Rating Medium

Mortality rates represent averages for Lake Trout
ages 611. Commercial fishing mortality includes
Lake Troutharvesedfrom all commercial fishery
gear types.



Notable stock dynamics and model revisions
for MI-6:

Recent abundanantinues to increase due
to recent surges in recruitment starting in
2012. Sea lamprey predation persists as the
dominant source of mortality and has
remained high. Total annual harvest has
increased in the last three years with
recreation harvest avayiag 5,000 fish and
the commercial yield averaging 18,700 Ib.
Total annual mortality for age B1 lake trout
averaged 24% in the last three years. The
2022 TAC for MI6 increased only 4% from
the last assessment.
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MI -7 (Grand Marais) Shawn Sitar
Parameter Value
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F, Commercial (201:2019) 0.01y?
F, Recreational (20:2019) 0.03y?
Sea Lamprey Mort (2A8-2020) 0.07y?

Z (2019) 022y?
2022 Modelderived Limit 116,074Ib
2022 ActualHarvest Limit 116,0741b
Model Rating Low

Mortality rates represent averages for Lake Trout
ages 611. Commercial fishing mortality includes
Lake Troutharvesedfrom all commercial fishery
gear types.
























































































































